Purpose: To report our 5-year experience with intra-arterial chemotherapy (IAC) in the intravitreal chemotherapy (IvitC) era. Methods: Retrospective review of retinoblastoma treated with primary unilateral IAC in the IvitC era (2012)(2013)(2014)(2015)(2016)(2017). Results: There were 34 eyes treated with IAC alone versus 20 eyes treated with IAC plus IvitC for vitreous seeds. IAC (IAC alone vs. IAC plus IvitC) consisted of melphalan (41 vs. 10%) or melphalan plus topotecan (59 vs. 90%, p = 0.03). IvitC consisted of melphalan (60%) or melphalan plus topotecan (40%). Tumor control and globe salvage were achieved in 100% of group B and C eyes without IvitC. Despite more extensive vitreous seeds in the IvitC group (p < 0.01), comparison of IAC alone versus IAC plus IvitC revealed no difference in tumor control for group D (88 vs. 69%, p = 0.36) or group E (67 vs. 100%, p = 0.25) and no difference in globe salvage for group D (88 vs. 69%, p = 0.36) or group E (58 vs. 57%, p = 0.39). Conclusions: IAC is effective as primary therapy for unilateral group B, C, D, and E retinoblastoma. IvitC is an important adjuvant therapy to achieve comparable globe salvage rates for group D and E eyes with persistent active vitreous seeds.
Introduction
Intra-arterial chemotherapy (IAC) has substantially improved globe salvage rates for eyes with moderate to advanced disease [1] [2] [3] [4] [5] [6] . In a previous report of our 5-year experience with IAC by the International Classification of Retinoblastoma (ICRB) group, we found globe salvage rates of 100% for group B and C eyes, 94% for group D eyes, and 36% for group E eyes [2] . While IAC is effective for the majority of group B, C, and D eyes, the efficacy of IAC alone is limited in eyes with extensive vitreous seeds [1] [2] [3] [4] [5] [6] .
More recently, intravitreal chemotherapy (IvitC) has been found to be an effective adjuvant treatment for eyes with vitreous seeds [6] [7] [8] [9] [10] [11] [12] [13] . In particular, globe salvage for DOI: 10.1159/000491580 group E eyes has improved significantly to 73% in the IvitC era (2012) (2013) (2014) (2015) compared to 25% in the era of IAC alone (2008) (2009) (2010) (2011) (2012) [6] . However, the prior study did not directly compare outcomes in eyes requiring IvitC to those treated with IAC alone. Herein, we report our 5-year experience with IAC in the IvitC era, comparing tumor control and globe salvage in eyes treated with IAC alone versus IAC plus IvitC.
Methods
Medical records were reviewed to identify retinoblastoma patients treated at a single center (Wills Eye Hospital, Thomas Jefferson University, Philadelphia, PA, USA) during the IvitC era from January 1, 2012 through November 30, 2017. Patients treated with unilateral IAC as primary therapy were included. IAC technique and exclusion criteria have been described previously [2] . Patients were excluded if primary treatment took place at another facility, IAC was used as secondary therapy, or treatment was not complete by November 30, 2017. Institutional Review Board approval was obtained, and this study is in compliance with the Health Insurance Portability and Accountability Act.
Complete ophthalmic examination of both eyes was performed for all patients prior to treatment with IAC. The patients underwent monthly examination under anesthesia during the course of treatment, including anterior segment evaluation, fundus evaluation with indirect ophthalmoscopy, B scan ultrasonography, RetCam (Clarity, Pleasanton, CA, USA) fundus photography, and, as needed, fluorescein angiography and optical coherence tomography. Examination under anesthesia intervals were extended after tumor control was achieved.
Data were retrospectively collected following review of clinical and photographic records. Collected data included patient demographics (age, sex, race, laterality, and hereditary pattern); tumor features (largest basal diameter, thickness, location, presence of subretinal seeds, vitreous seeds, retinal detachment, and ICRB group); IAC treatment parameters (drug, dosage, number of cycles, and dates of administration); and IvitC treatment parameters (drug, dosage, number of injections, and dates of administration). Treatment outcomes included tumor control, globe salvage, life salvage, metastasis, and visual acuity.
JMP statistical analysis software (JMP Pro 13.0.0, Cary, NC, USA) was used to perform t test and Fisher's exact test. Demographics, tumor features, treatment parameters, and outcomes were compared between patients treated with IAC alone versus those treated with IAC plus IvitC. 
Results
There were 54 eyes of 54 patients treated with primary IAC in the IvitC era (2012-2017) at Wills Eye Hospital, Philadelphia, PA, USA. These were divided into eyes treated with primary IAC alone (n = 34) versus eyes treated with primary IAC plus adjuvant IvitC (n = 20).
Patient demographics are listed in Table 1 . A comparison of eyes treated with IAC alone versus IAC plus IvitC showed no significant difference in patient sex (male: 62 vs. 65%, p = 0.99), race (Caucasian: 62 vs. 70%, p = 0.23), study eye (OD: 53 vs. 55%, p = 0.55), laterality (unilateral: 97 vs. 100%, p = 0.63), or somatic mutation (65 vs.75%, p = 0.63). Mean patient age was younger in patients treated with IAC alone (17 vs. 50 months, p = 0.02). Treatment parameters are listed in Table 3 . Patients treated with IAC alone were more likely to be treated with melphalan alone (41 vs. 10%, p = 0.03) and less likely to receive concomitant topotecan (59 vs. 90%, p = 0.03). No patient was treated with topotecan alone. There was no significant difference in the mean number of IAC infusions (3.4 vs. 3.5, p = 0.84), cumulative dosage of melphalan (18 vs. 19 mg, p = 0.61), or cumulative dosage of topotecan when used (3 vs. 3 mg, p = 0.21). IvitC was administered an average of 4 months after IAC, and patients were treated with a mean of 6 injections of melphalan alone (60%) or melphalan plus topotecan (40%). Mean cumulative dosages of melphalan and topotecan were 95 and 63 µg, respectively.
Outcomes are listed in Table 3 . Comparing patients treated with IAC alone (Fig. 1) versus IAC plus IvitC (Fig. 2) 
Discussion
Retinoblastoma management has changed dramatically over the past two decades [1, 7] . New advances in local and systemic therapies have led to unprecedented rates of tumor control and globe salvage with an exceedingly low incidence of metastasis and death in developed countries [1, 7] . In 1996, the introduction of systemic chemotherapy led to improved globe salvage rates for groups A, B, and C retinoblastoma to 90% or better [6, 7, 14] . However, globe salvage rates for group D and E eyes remained relatively poor at 47 and 23%, respectively [6, 7, 14] . The next major breakthrough came in the late 2000s with the introduction of IAC [1, 6, 7] . This improved globe salvage rates for group D eyes to nearly 80%, but globe salvage for group E remained poor, with only 25% of eyes saved [2, 6] . In 2012, the introduction of IvitC dramatically changed the management for eyes with previously intractable vitreous seeds, further improving globe salvage rates, especially for group E eyes [6] [7] [8] [9] [10] [11] [12] [13] .
In this report, we describe our 5-year experience with IAC in the IvitC era and compare tumor control and globe salvage in eyes treated with IAC alone versus those requiring additional IvitC for persistent vitreous seeding. In this study, globe salvage was achieved in all group B and C eyes without the need for IvitC. Of 49 group D and E eyes treated with primary IAC during the studied time period, 20 eyes required additional IvitC. The clinical features of eyes requiring IvitC were similar to those of eyes treated with IAC alone with the exception of two key features, i.e., patients requiring IvitC were older (50 vs. 17 months, p = 0.02) and, as expected, demonstrated a greater extent of active vitreous seeds (p < 0.01). Despite more extensive vitreous seeds in the IAC plus IvitC group, there was no difference in tumor control for group D (88 vs. 69%, p = 0.36) or group E (67 vs. 100%, p = 0.25) eyes and no difference in globe salvage for group D (88 vs. 69%, p = 0.36) or group E (58 vs. 57%, p = 0.39). No eye treated with IAC plus IvitC was enucleated for solid tumor or vitreous seed recurrence. Thus, despite the selection of eyes with more severe presenting disease, IvitC allows for comparable tumor control and globe salvage rates in eyes with extensive vitreous seeds compared to eyes requiring IAC alone. The overall globe salvage rate in this study represents an improvement compared to data reported from the pre-IvitC era (74 vs. < 60%) [6] , which can be attributed to better vitreous seed management. Despite known adverse effects of IvitC on electroretinogram performance, visual acuity of salvaged eyes did not significantly differ in eyes treated with IAC alone versus IAC plus IvitC (final visual acuity of 20/200 or better in 37 vs. 46%, p = 0.73) [15] .
Strengths of this study are the inclusion of patients treated with primary IAC only during the IvitC era at a single institution. Thus, this study was not complicated by crossover of patients between different treatment eras and allowed direct comparison of eyes treated with IAC alone versus those treated with IAC plus IvitC. Additionally, mean follow-up was approximately 2 years compared to mean follow-up of IvitC era patients in our prior study of 12 months [6] . Similar to our prior study, 100% globe salvage was achieved in group B and C eyes, and 80% globe salvage was achieved for all group D eyes. Globe salvage for group E eyes was 58%, which was slightly lower than the 73% found during the IvitC era of our prior study [6] . However, the increased length of followup could account for this difference, as the mean time to enucleation for all study patients was 13 months. Moreover, tumor control of 79% in group E eyes in this study was comparable to our prior study [6] , indicating that later complications of treatment, independent of tumor control, such as persistent vitreous hemorrhage, retinal detachment, secondary glaucoma, or phthisis bulbi, could account for the difference in globe salvage. Limitations of this study include its retrospective nature and small number of patients given the rarity of the disease and strict inclusion criteria. These data represent real-world data with treatment individualized to each patient's unique presentation. Treatment regimens for IAC for groups B, C, D, and E were comparable between groups. We recognize that compared to patients treated with IAC alone, more patients requiring IvitC received IAC with melphalan plus topotecan rather than melphalan alone (p = 0.03). This could have been a reflection of initial severity of disease, but this could also have contributed to increased success in patients requiring treatment with IAC plus IvitC.
These data can only be applied to eyes treated with unilateral primary IAC in the IvitC era. It is important to note that not all patients treated in this era required IAC or received IAC as primary treatment. There were no group A eyes included in this study, as group A eyes are typically managed by other less invasive means such as laser photocoagulation, thermotherapy, or cryotherapy. Some of the youngest patients with retinoblastoma could also have been excluded, since these patients often receive systemic chemotherapy as bridge therapy before proceeding with IAC if necessary [16] . Similarly, most bilateral cases were likely excluded due to primary treatment with intravenous chemotherapy. These comments document that IAC is particularly utilized in our practice for unilateral advanced retinoblastoma. Separate studies would be required to determine globe salvage rates for all eyes treated in this era.
In summary, IAC is a highly effective primary therapy for retinoblastoma, and IvitC is an important adjuvant for eyes with active vitreous seeds. The use of IvitC allows for comparable globe salvage rates for advanced group D and E eyes in which persistent vitreous seeds have previously necessitated enucleation. Tremendous strides have been made in retinoblastoma management over the past two decades that continue to improve tumor control and globe salvage rates even in advanced disease.
